INTRODUCTION
============

Improving the health of children is a great concern globally. As child mortality has become relatively lower than before, epidemiological changes have been observed in many developing and developed countries. Moreover, an epidemiological transition, in which infectious diseases recede and chronic diseases increase as the causes of death \[[@b1-jpmph-47-6-336]\], has been suggested to have occurred in child populations worldwide \[[@b2-jpmph-47-6-336]\]. According to previous reports, the proportion of congenital/perinatal causes of death tends to have increased among the total number of infant deaths, while the proportion of deaths due to external causes have increased for child mortality \[[@b2-jpmph-47-6-336]-[@b5-jpmph-47-6-336]\]. In addition, boys tend to show a higher mortality rate than girls during early childhood; therefore, the sex ratio of child mortality is expected to be higher than 1.0 \[[@b5-jpmph-47-6-336]\]. However, historically, a higher mortality rate among girls aged between one to four years has been observed in many regions that strongly prefer to raise a son. This difference in mortality was suggested to be attributed to the fact that girls might receive less adequate care than that provided to boys in these regions \[[@b5-jpmph-47-6-336],[@b6-jpmph-47-6-336]\].

The Republic of Korea (hereafter Korea) has experienced rapid social change and economic growth with substantial improvements to many general health indices including life expectancy. With the improved access to health care and development of intensive perinatal/neonatal care, infant mortality has also improved \[[@b7-jpmph-47-6-336],[@b8-jpmph-47-6-336]\]. However, according to one previous report, the annual mortality in Korea from unintentional and intentional injuries among those aged between one to 14 years during 1991-1995 was the highest among the 26 high-income countries worldwide \[[@b9-jpmph-47-6-336]\]. In addition, a prominently higher mortality among female Korean children was revealed from the mid-1960s to 1970s \[[@b6-jpmph-47-6-336]\].

To date, few studies have investigated the trends of child mortality in this rapidly developed society. Herein, we aimed to identify whether epidemiological changes in child mortality have occurred during the past 30 years in Korea, which experienced dramatic socioeconomic change during that time.

METHODS
=======

In 1987, approximately 90% of all deaths were certified \[[@b10-jpmph-47-6-336]\], and by 2007, almost 100% of all deaths were certified; however, infant death certification has not been as well maintained \[[@b11-jpmph-47-6-336]\]. These death certificates record all of the conditions and probable causes of death for issue to the government \[[@b11-jpmph-47-6-336],[@b12-jpmph-47-6-336]\]. Most of causes of death have been verified by a physician or other qualified personnel in Korea. Previously, the accuracy rates for the reported cause of death on the initial death certificate were found to be 43.9% \[[@b10-jpmph-47-6-336]\] and 62.6% \[[@b13-jpmph-47-6-336],[@b14-jpmph-47-6-336]\]. The National Statistical Office has continued to make a strong effort to improve the accuracy of all death-related indices since 1982 \[[@b11-jpmph-47-6-336]\]. Their efforts include reviewing medical records and cross-checking the exact cause of death in the corresponding hospitals where the death certificates were issued. The accuracy of the causes of death from data in the 2000s was found to be between 91.9% \[[@b14-jpmph-47-6-336]\] and 95.1% \[[@b15-jpmph-47-6-336]\].

The child mortality rate was defined as the probability of dying between the ages of one to four years in reference to the definition by the World Health Organization and previous reports \[[@b2-jpmph-47-6-336],[@b5-jpmph-47-6-336],[@b16-jpmph-47-6-336]\]. Annual data from 1983-2012 on deaths among children aged between one to four years were obtained from the Korea Statistical Information System \[[@b17-jpmph-47-6-336]\]. From these data, the cause-specific probability of death per 100 000 children was calculated by dividing the number of death from selected causes by the mid-year population of this age group \[[@b18-jpmph-47-6-336]\]. To procure consistency and improve the possibility for international comparisons, the original data were merged with time-series data from the previous years \[[@b19-jpmph-47-6-336]\]. Cause of death in our death certificate data was classified using the International Classification of Diseases (ICD)-10. Among the major causes of death, the diagnostic codes for neurologic and respiratory diseases were reassigned to the infectious disease category following the protocol of two previous studies \[[@b20-jpmph-47-6-336],[@b21-jpmph-47-6-336]\].

We analyzed changes to the mortality rate, the proportion of children in each cause of death, and the sex ratio in the target population. To allow for the comparison of our results with those of previous studies as well as account for the low accuracy infant death certificate from 1980 to 1999 in Korea \[[@b22-jpmph-47-6-336]\], we chose to focus on only the mortality data among children aged between one to four years old. The sex ratio was calculated by dividing the mortality rate of boys by that of girls. To assess trends across the sex ratio and each cause of child mortality, the Mann-Kendall trend test was performed. The Mann-Kendall trend test is a nonparametric test for monotonic trends in a time series, based on the Kendall rank correlation between the value of interest and time \[[@b23-jpmph-47-6-336]\]. This method was originally proposed by Mann \[[@b24-jpmph-47-6-336]\] and has been a popular approach to testing environmental time trends \[[@b25-jpmph-47-6-336]\]. It was also used by Davenport \[[@b26-jpmph-47-6-336]\] in their study of the historical decline of tuberculosis mortality in the UK. All trend tests and plotting of changes in the mortality rate were done using R version 3.0.3 (R Foundation for Statistical Computing, Vienna, Austria). In the plots, loess smoothing lines were added.

RESULTS
=======

To explore patterns in child mortality, the five leading causes of death during 1993-2012 were selected for our final analysis after excluding for any unspecified causes of death. Although respiratory and circulatory diseases were frequent causes of child death in 1983-1992, they were excluded in our analysis because they were ranked higher than the first through seventh causes of mortality in 1993-2012. We found a decreasing trend in annual child mortality rates ([Figure 1](#f1-jpmph-47-6-336){ref-type="fig"}). The child mortality rate had fallen from 202.3 to 20.2 in 1983 and 2012, respectively. Moreover, a modest increase was observed in sex ratio of child mortality, 1.03 in 1983 to 1.38 in 2012. When classifying the cause of death using the ICD-10 system, this reduction in total child mortality was mainly attributed to the decrease in infectious (29%), unclassified (29%), and external causes (22%) of child mortality (data not shown).

Among the major causes of death, external (ICD-10 code V01-Y89), infectious (A00-B99, G00-G09, and J09-J18), neoplastic (C00-D48), neurologic excluding infections (G20-G98), and congenital (Q00-Q99) origins have been the leading causes of death in this age group throughout the previous two decades (1993-2012). External causes of mortality had been the most frequent causes of death until recent years, but the proportion of these deaths has slightly decreased since the early 2000s. However, the portion of mortality due to neurologic and neoplastic causes has increased, now consisting of the second and third most frequent cause of death. Since the proportion of unspecified causes of death had been higher than 10% before 1993, a trend test was done for the periods between 1983-2012 and 1993-2012, respectively. As shown in [Table 1](#t1-jpmph-47-6-336){ref-type="table"}, the annual rates of child mortality due to all five major causes of death decreased significantly during the study period (*p*\<0.001 for all data except neurologic causes during 1993-2012). Although the rate of unspecified causes of death was considerably high, death due to infectious disease was the most frequent cause of death among children aged one to four years in the early 1980s. In addition, the least frequent causes of death were infectious and unspecified causes by 2012.

The ratio of total child mortality among boys to girls ranged from 0.94 to 1.38 and showed an increasing trend from 1983 to 2012 (Kendall τ=0.38, *p*=0.003). However, this increased trend was not observed during 1993-2012. Sex differentials in the annual mortality rate of each cause were calculated to identify the origin of excess mortality among males. No linear trend across the changes of all major causes of mortality was found ([Table 2](#t2-jpmph-47-6-336){ref-type="table"}).

[Table 3](#t3-jpmph-47-6-336){ref-type="table"} shows the differences across the external causes of child mortality. External cause mortality decreased from 38.9% to 29.3% in 1993 and 2012, respectively (Kendall τ=-0.75, *p*\<0.001), and was accompanied by a significant decrease in the mortality rate during the same period (Kendall τ=-0.98, *p*\<0.001). When the external cause of death data were divided into three major components, the majority of diagnoses were either other accidental injuries (V01-V99) or transport accidents (W00-X59). The mortality rate due to transport accidents and other accidental injuries showed a decreasing trend (Kendall τ=-0.76, *p*\<0.001 for transport accidents; Kendall τ=-0.94, *p*\<0.001 for other accidental injuries). From 1993 to 2012, the proportional death rate among all causes of mortality was significantly lower for both transport accidents and other accidental injuries than that among other causes were. On the contrary, the proportional mortality due to child assault (X85-Y09) has increased since 1993 (Kendall τ=0.66, *p*\<0.001). The trends across the annual mortality rates and the proportional mortality for deaths due to external causes are shown in [Figure 2](#f2-jpmph-47-6-336){ref-type="fig"}.

DISCUSSION
==========

This study analyzed the trends related to causes of mortality among children aged between one to four years from 1983 to 2012. By excluding the mortality of infants, we hoped to avoid issues related to the lack of reliable infant death certificate data \[[@b11-jpmph-47-6-336]\]. Since the most profound changes in the health and disease patterns during the epidemiologic transition occurs among children and young women \[[@b27-jpmph-47-6-336]\], we were to identify the corresponding change in child mortality. During the past 30 years in Korea, there has been a dramatic decrease in overall child mortality as well as an increased proportion of non-infectious causes of death, similar to the trends in most developed countries. External causes of death were found to be the most common cause of child mortality; this finding is consistent with those in Japan \[[@b4-jpmph-47-6-336]\], the US \[[@b28-jpmph-47-6-336]\], and the UK \[[@b3-jpmph-47-6-336]\]. Furthermore, the overall frequency of external causes of child death is decreasing in these countries. With the advance of medical/health care, the external causes of death are expected to become a relatively larger proportion of the overall mortality. However, approximately 40% of children aged between one and four years have died due to external causes, and this high proportion is not acceptable considering the fact that most cases of child injury are preventable \[[@b28-jpmph-47-6-336]\].

External causes of death were the most frequent diagnosis of death throughout our study period; however, its proportion was found to steadily decrease compared to that of the neoplastic and neurologic causes of death. The increasing proportion of neoplastic and neurologic causes of death suggests the presence of an epidemiological transition from acute to chronic conditions as the causes of death in this age group. In a report on child mortality (aged 1-4) in the US from 2005 to 2010, the leading causes of death were external, congenital, and heart disease \[[@b29-jpmph-47-6-336]\]. Thus, the relatively high proportion of neoplastic and neurologic deaths in the present study requires further investigation.

Choe \[[@b6-jpmph-47-6-336]\] reported an excess mortality among female children (aged 1-4 years). Their sex ratio of child mortality ranged from 0.81 to 0.94 from 1960 to 1974 \[[@b6-jpmph-47-6-336]\]. Although their study used national survey data, the higher sex mortality ratio in our study might suggest that access to health care among female children has recently improved. Furthermore, if we consider the likelihood that female child mortality was under-reported in the early data collection periods \[[@b30-jpmph-47-6-336]\], the sex ratios of child mortality in the 1960s and 1970s might have been smaller than the reported data \[[@b31-jpmph-47-6-336],[@b32-jpmph-47-6-336]\]. Therefore, the increasing trend of this ratio since the 1980s was likely not affected by the sex-specific omission of child mortality events. According to the United Nations Population Division Report in 1998, numerous countries had higher mortality rates among girls aged between one and four years than that among boys \[[@b33-jpmph-47-6-336]\]. This difference was suggested to be partially attributed to the differences in healthcare access and treatment among girls compared to boys \[[@b2-jpmph-47-6-336],[@b33-jpmph-47-6-336]\]. In addition, female children tend to exhibit a survival advantage as mortality declines and infectious diseases become rare \[[@b30-jpmph-47-6-336]\]. Globally, the sex ratio of child mortality has slightly increased from 1.02 in the 1980s to 1.11 in the 2000s, showing considerable variation across countries \[[@b2-jpmph-47-6-336]\]. In the same period, the sex ratio of child mortality in developed countries was held constant at approximately 1.24, suggesting that more deaths consistently occurred in boys than girls \[[@b2-jpmph-47-6-336]\]. In several developing countries, the sex ratio of child mortality in this age group significantly increased, therefore indicating that female mortality had declined \[[@b34-jpmph-47-6-336]\]. The mean sex ratio in Korea was similar to that of other developed countries across the three decades. However, when the annual sex ratio of total mortality was analyzed, there was a significant increase in the sex ratio during the 1983-2012 period. The lack of change to the sex ratio of total mortality during 1993-2012 might suggest that biologically determined sex differentials are influencing survival more than other factors are in Korean children aged between one and four years. If true, this trend would be similar to those in other developed countries \[[@b2-jpmph-47-6-336]\].

The increasing proportional mortality due to assault is remarkable. The mortality rate due to child assault has been approaching that of other accidental injury. This increased proportional mortality of child assault might be partially due to the dramatically reduced child mortality due to all other causes. Although the overall child mortality rate due to assault in Korea was reported to be lower than that in other countries \[[@b35-jpmph-47-6-336]\], the increasing trend of child mortality due to assault should be further investigated. In 1980s and early 1990s, the tendency of child maltreatment to be under-reported may have been under-reported and resulted in the relatively low incidence of assault-related mortality at the time. However, considering the fact that concerns regarding increased cases of child abuse and assault in the richest countries grows \[[@b35-jpmph-47-6-336],[@b36-jpmph-47-6-336]\], the true number and proportion of child assault may have increased in a similar trend. Furthermore, the number of deaths from child abuse has increased during 2001-2012 according to a national report \[[@b37-jpmph-47-6-336]\]. Monitoring systems such as a child fatality review team should be implemented to prevent child deaths from maltreatment or intentional injuries \[[@b38-jpmph-47-6-336]\].

The major limitation in our study is the low reliability of the cause of death data from 1980 to the early 1990s with a high proportion of unspecified diagnoses. However, the changing patterns of each kind of mortality are consistent with those of previous studies. Furthermore, since Korea has developed highly accurate death statistics \[[@b11-jpmph-47-6-336],[@b14-jpmph-47-6-336]\], this study is still a valuable addition to the literature on child mortality epidemiology.

In summary, the changing patterns in child mortality in Korea indicate that a typical transition has occurred during the past three decades. These transitions include a receding number of infectious causes of mortality and a slight increase in the sex ratio of child mortality. Among all of the causes of child mortality in Korea, the increased portion of assault-related deaths requires more public attention and prompt public health intervention in the near future.
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###### 

The trends in the mortality rate across the five leading causes^[1](#tfn1-jpmph-47-6-336){ref-type="table-fn"}^ of child mortality (1983-2012)

  Cause of death^[2](#tfn2-jpmph-47-6-336){ref-type="table-fn"}^   Mean^[3](#tfn3-jpmph-47-6-336){ref-type="table-fn"}^   Minimum   Maximum   Kendall tau^[4](#tfn4-jpmph-47-6-336){ref-type="table-fn"}^                                                                                    
  ---------------------------------------------------------------- ------------------------------------------------------ --------- --------- ------------------------------------------------------------- ----- ------ ------ ------------------------------------------------------------ ------------------------------------------------------------
  Infectious (A00-B99, G00, G03, J09-18, J20-22)                   24.1                                                   4.4       1.9       2008                                                          1.1   1983   56.1   -0 89^[\*\*\*](#tfn6-jpmph-47-6-336){ref-type="table-fn"}^   -0.74^[\*\*\*](#tfn6-jpmph-47-6-336){ref-type="table-fn"}^
  Neoplasm (C00-D48)                                               6.2                                                    5.0       3.5       2010                                                          2     1987   7.3    -0.73^[\*\*\*](#tfn6-jpmph-47-6-336){ref-type="table-fn"}^   -0.76^[\*\*\*](#tfn6-jpmph-47-6-336){ref-type="table-fn"}^
  Neurologic, excluding infections (G20-G98)                       6.4                                                    4.3       3.2       2009                                                          2.4   1983   9.5    -0.73^[\*\*\*](#tfn6-jpmph-47-6-336){ref-type="table-fn"}^   -0.55^[\*\*](#tfn5-jpmph-47-6-336){ref-type="table-fn"}^
  Congenital (Q00-Q99)                                             8.0                                                    5.7       2.8       2008                                                          2.3   1990   12.8   -0.63^[\*\*\*](#tfn6-jpmph-47-6-336){ref-type="table-fn"}^   -0.81^[\*\*\*](#tfn6-jpmph-47-6-336){ref-type="table-fn"}^
  External (V01-Y89)                                               46.8                                                   27.4      9.4       2011                                                          5.9   1988   50     -0.91^[\*\*\*](#tfn6-jpmph-47-6-336){ref-type="table-fn"}^   -0.98^[\*\*\*](#tfn6-jpmph-47-6-336){ref-type="table-fn"}^

Five leading causes of death from 1993 to 2012.

Codes in parentheses are the International Classification of Disease 10th revision.

Mean child mortality rate (per 100 000) in each period.

Mann-Kendall trend test was performed across all annual mortality rates in each period.

*p*\<0.01,

*p*\<0.001.

###### 

The sex ratios (males to females) for total mortality and for each cause of child mortality in Korea (1983-2012)

  Cause of death^[1](#tfn7-jpmph-47-6-336){ref-type="table-fn"}^   Mean^[2](#tfn8-jpmph-47-6-336){ref-type="table-fn"}^   Minimum   Maximum   Kendall tau^[3](#tfn9-jpmph-47-6-336){ref-type="table-fn"}^                                                                                 
  ---------------------------------------------------------------- ------------------------------------------------------ --------- --------- ------------------------------------------------------------- ----- ------ ----- ---------------------------------------------------------- -------
  Total                                                            1.1                                                    1.2       1.2       2009                                                          0.9   2012   1.4   0.38^[\*\*](#tfn10-jpmph-47-6-336){ref-type="table-fn"}^   0.11
  Infectious (A00-B99, G00-G09, J09-18, J20-22)                    0.9                                                    1.0       1.1       2011                                                          0.6   2003   1.4   0.21                                                       0.06
  Neoplasm (C00-D48)                                               1.1                                                    1.2       1.2       2009                                                          0.7   2005   1.9   0.17                                                       0.07
  Neurologic, except infection (G20-G98)                           1.2                                                    1.2       1.2       2003                                                          0.9   2012   1.6   -0.04                                                      0.04
  Congenital (Q00-Q99)                                             1.0                                                    1.1       1.0       2005                                                          0.6   2008   1.9   -0.06                                                      -0.12
  External (V01-Y89)                                               1.4                                                    1.3       1.4       2009                                                          1.1   2012   1.9   0.02                                                       0.24
  Unspecified (R00-R99)                                            1.0                                                    1.1       1.1       2006                                                          0.7   2012   1.7   0.19                                                       0.15
  Others                                                           1.0                                                    1.0       1.1       2001                                                          0.8   2011   1.9   0.09                                                       0.07

Codes in parentheses are the International Classification of Disease 10th revision.

Mean sex ratio of the child mortality rate.

Mann-Kendall trend test was done for the annual sex ratio of mortality.

*p*\<0.01

###### 

The trends of the three major external causes of child mortality from 1983 to 2012

  External causes of death^[1](#tfn11-jpmph-47-6-336){ref-type="table-fn"}^   Mean mortality rate^[2](#tfn12-jpmph-47-6-336){ref-type="table-fn"}^   Proportional mortality rate^[3](#tfn13-jpmph-47-6-336){ref-type="table-fn"}^ (%)   Kendall tau^[4](#tfn14-jpmph-47-6-336){ref-type="table-fn"}^ for the mortality rate   Kendall tau^[4](#tfn14-jpmph-47-6-336){ref-type="table-fn"}^ for the proportional mortality rate (%)                                                                                                                                                                                                          
  --------------------------------------------------------------------------- ---------------------------------------------------------------------- ---------------------------------------------------------------------------------- ------------------------------------------------------------------------------------- ------------------------------------------------------------------------------------------------------ ------ ------ ------------------------------------------------------------- ------------------------------------------------------------- ------------------------------------------------------------ -------------------------------------------------------------
  Total external causes (V01-Y89)                                             46.8                                                                   27.4                                                                               9.4                                                                                   37.4                                                                                                   48.5   35.5   -0.91^[\*\*\*](#tfn16-jpmph-47-6-336){ref-type="table-fn"}^   -0.98^[\*\*\*](#tfn16-jpmph-47-6-336){ref-type="table-fn"}^   -0.06                                                        -0.75^[\*\*\*](#tfn15-jpmph-47-6-336){ref-type="table-fn"}^
   Transport accidents (V01-V99)                                              20.6                                                                   14.2                                                                               4.3                                                                                   17.2                                                                                                   25.0   16.0   -0.76^[\*\*\*](#tfn16-jpmph-47-6-336){ref-type="table-fn"}^   -0.95^[\*\*\*](#tfn16-jpmph-47-6-336){ref-type="table-fn"}^   -0.15                                                        -0.81^[\*\*\*](#tfn16-jpmph-47-6-336){ref-type="table-fn"}^
   Other accidental injuries (W00-X49)                                        17.8                                                                   8.6                                                                                2.9                                                                                   13.3                                                                                                   15.5   10.7   -0.94^[\*\*\*](#tfn16-jpmph-47-6-336){ref-type="table-fn"}^   -0.92^[\*\*\*](#tfn16-jpmph-47-6-336){ref-type="table-fn"}^   -0.22                                                        -0.42^[\*\*\*](#tfn15-jpmph-47-6-336){ref-type="table-fn"}^
   Assault (X85-Y09)                                                          0.6                                                                    0.9                                                                                0.9                                                                                   0.5                                                                                                    1.7    3.6    0.30^[\*\*\*](#tfn15-jpmph-47-6-336){ref-type="table-fn"}^    0.03                                                          0.78^[\*\*\*](#tfn16-jpmph-47-6-336){ref-type="table-fn"}^   0.66^[\*\*\*](#tfn16-jpmph-47-6-336){ref-type="table-fn"}^

Codes in parentheses are the International Classification of Disease 10th revision.

Mean child mortality rate (per 100 000) in each period.

Proportional mortality rate (%) among all of the causes of child mortality.

Mann-Kendall trend test was performed across all annual mortality rate and proportion data.

*p*\<0.05,

*p*\<0.001.
